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SUMMARY
We present results from an experiment at Saxmundham measuring the effects of
growing different numbers of successive winter wheat crops, each year, from 1971 to
1976; it followed five cropping sequences introduced from 1966 to 1970.
From 1971 to 1973 four seed rates, two row spacings and three nitrogen rates were
tested in all combinations with four of the previous cropping sequences. The remaining
sequence was sown traditionally for continuity. Number of ears, leaf area, yield and
nutrient content showed little benefit from increasing or decreasing seed rate, around
that usually sown. Rows 15 cm apart gave the largest yield independently of N, because
they produced most ears. There was no loss in yield from growing up to eight consecu-
tive crops of winter wheat. 100 kg N/ha was sufficient for maximum yield.
From 1974 to 1976 two varieties of different potential (Cappelle-Desprez and Maris
Huntsman), chlormequat chloride (CCC), three amounts of N, as single, or as divided
dressings, were tested in all combinations with the four cropping sequences. The fifth
sequence again was sown traditionally, but with or without autumn-applied N. Maris
Huntsman gave a grain yield only 0-22 t/ha larger (4-5%) than that of Cappelle-
Desprez, and mean yields were larger (also by 4-5%) where CCC was given. Divided
dressings of N increased yields by 0-11 t/ha (2-2%). The mean increase in yield from
adopting all three improvements was 0-5 t/ha (or 11%). Yields of the 10th and 11th
consecutive wheats declined, probably because black grass (Alopecurus myosuroides)
became abundant. There was a good inverse relationship between losses of N in drain-
age during winter and subsequent yield and grain nitrogen uptake, which helped to
explain large yield variations from year to year.
TNTROTinOTTON t ' i e °^[leT ^ a ^ ' which had been given uniform P and
K manuring since 1952, was used for a crop sequence
The sandy-clay loam (Beccles Series) at the experiment. Yields of continuous wheat (Cappelle-
Saxmundham Field Station, Suffolk (founded in Desprez) were compared from 1968 to 1970 with
1899), which is typical of heavy land in the area, is those after phased-in tests (begun in 1966) of a 2-
formed in Chalky Boulder Clay with surface layers year break of Italian ryegrass and beans. The
containing much sand (Hodge, 1972). It is plastic purpose was to increase yields (by introducing the
when wet, hard when dry and rarely friable. As break and increasing the amounts of N given in
such it is better suited to autumn-sown than to spring) and to determine whether take-all (Gaeu-
spring-sown crops and, with adequate manuring, mannomyces graminis) and eyespot Pseudocerco-
winter wheat could be expected to yield well, sporella herpotrichoides) were as damaging to wheat
However, in Rotation II (the site used for our grown after wheat as they are at Rothamsted (Slope,
experiments) the largest mean from any treatment Etheridge & Williams, 1973). Yields were increased
during 1900-52 was only 2-7 t grain/ha (Boyd & in the year after the 2-year break (to 4-34 compared
Trist, 1966). This was similar to local yields in that with 4-00 t/ha two wheat crops later) but were
period, but not acceptable today. still smaller than those commonly obtained at
In 1964 the Station was taken over by Rotham- Rothamsted, not because N was limiting (150 kg
sted. The area occupied by the Rotation II experi- N/ha appeared to be enough) nor because take-all
ment was divided into two. One part evaluated the and eyespot were particularly damaging, but
residues of old and new phosphate dressings, and because soil and weather conditions appeared to
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dominate yield. The mean yield from 1968 to 1970
was only 4-04 t/ha. At this stage the break crops
were discontinued and the experiment was modified
for multifactorial tests on continuous winter wheat,
in all combinations with the cropping sequences
previously introduced. Our purpose was to test
cultural factors that might explain why yields had
been so small and to examine the consequences of
growing wheat continuously on this difficult soil.
The work was done in two periods. In the first
(1971-3), sowing rates and row widths were
examined, to determine whether better crop distri-
bution enhanced yields at Saxmundham. In the
second (1974—6), the lessons learnt in the first
period were applied, and a factorial layout was
designed to compare two varieties, timing of N in
spring, a growth regulator and three amounts of N,
on wheat which, by 1976, had been grown succes-
sively for a maximum of 11 years.
The tests were concluded in 1976 because the site
had become heavily infested with black grass
(Alopecurus myosuroides) despite the use of residual
and translocated herbicides.
EXPERIMENTAL DETAILS
Soil
The experiment was made on a sandy-clay loam
described as a Surface Water Gley of the Beccles
Series (Hodge, 1972).
In 1967 the soil had a pH in water of 7-8 and
contained 2-17% organic matter, 24mgNaHCO3-
soluble P/kg, 127 mg exchangeable-K/kg and
70 mg exchangeable-Mg/kg air-dry soil. In 1973,
after 3 years of cropping in the experiment des-
oribed here, soluble-P and exchangeable-K were
49 mg P/kg and 205 mg K/kg respectively.
Exchangeable Mg had decreased slightly to 65 mg
Mg/kg.
The site is underdrained with back-filled tile
drains, laid at a depth of 0-8 m, leading to outfalls
in ditches. At right angles to these and parallel to
the length of the plots, mole drains (0-6 m deep and
about 3 m apart) aid movement of water from the
plots into the headland tile drains. Flow measure-
ments and water samples were taken regularly from
these (Williams, 1976).
Previous cropping
The experiment, started in 1966, contained four
blocks of five plots; each plot was 40-2 m long and
5-5 m wide (221m2), and each whole plot was
divided horizontally into three for a three level
accumulative N-test (Slope et al. 1973). They used
one plot in five for continuous wheat and the other
four to phase-in cropping sequences, three of which
included a 2-year non-cereal break (Table 1). Thus,
in 1970, the experiment tested the first, second,
Table 1. The crop sequences introduced from
1966 to 1970
Sequences
Year 1 2 3 4 5
1966 Wheat Ley Ley Wheat Wheat
1967 Wheat Wheat Beans Ley Wheat
1968 Wheat Wheat Wheat Beans Ley
1969 Wheat Wheat Wheat Wheat Beans
1970 Wheat Wheat Wheat Wheat Wheat
third and fourth successive crops after a break plus
continuous wheat (since 1966), all in fourfold
replication. Wheat was sown by Smythe drill, in
rows 20 cm apart and given 125kgP2O6 and
125 kg KaO/ha annually.
The first period of the experiment 1971-3
In 1971 sequences 1-4 (Table 1) were used to test
four seed rates (70-280 kg/ha) in all combinations
with the previous cropping sequences. In addition,
each plot was divided longitudinally for a compari-
son of rows either 15 or 30 cm apart and hori-
zontally to test three rates of N (50, 100 and
150 kg N/ha) cumulatively with that given from
1966 to 1970. All plots were sown with Cappelle-
Desprez by cultivator drill. Sequence 5 was sown
by Smythe drill for continuity (with 1966-70) and
the same longitudinal split and nitrogen tests were
made as on other plots; subplots were thus 36-8 m2.
Sequences 1-4 were analysed statistically as a
single replicate of 96 plots. Sequence 5 was analysed
as four randomized blocks. All treatments were
applied cumulatively from 1971 to 1973.
The second period of the experiment 1974-6
In 1974 whole plots involving cropping sequences
1-4 were used to test: (1) chlormequat chloride (R)
on whole plots; (2) divided (D) v. single (S) spring
top-dressings of N: on (3) Cappelle-Desprez (C) and
Maris Huntsman (MH) on plots divided longi-
tudinally into halves, and (4) three amounts of N
(1, 2 and 3: 50, 100 and 150 kg/ha) applied
cumulatively with that given before. All these tests
were made in all combinations with the old cropping
sequences, so that any effect on yield from increas-
ing numbers of consecutive wheat crops could also
be measured. All were sown in rows 12-5 cm apart
with a close-row drill. Additionally, and for con-
tinuity, sequence 5 was again sown with Cappelle-
Desprez by Smythe drill (S), but the longitudinal
division was used to test autumn applied N (A)
instead of to compare varieties. Sequences 1-4
were regarded statistically as a single replicate of
96 plots and sequence 5 was regarded as four
replicates with six plots per block. Figure 1 shows
how these treatments were arranged. Annual
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Cropping sequence
157
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MH
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MH
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(10)
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(9)
Fig. 1. The arrangement of the treatments in one block of the experiment in 1976. See page 156 for definition
of treatments.
Seed sown
Autumn herbicide*
Spring herbicide(s)-(-
Nitrogen broadcast
Divided
Single
Divided
CCC
Combine-harvest
Table 2. The calendar of operations each year
1970-1
5. x
15. iv
21. iv
1971-2
26.x
27. x
21. iv
.972-3
23.x
24.x
17. iv
16. iv
—
1973-4
4. x
5 . x
2. iv
8. iv
22. iv
7. v
7. v
1974-5
28.x
—
22. iv
23. iv
5. v
15. v
15. v
1975-6
14. x
15.x
25. iii
21. iv
21. iv
18. v
4. v
25. viii 29. viii 25. viii 28. viii 19. viii 27. vii
Terbutryne, 1972, 1973 and 1974; Methabenz thiazuron, 1976.
Metoxuron, 1971; Ioxynil + mecoprop 1973, 1974 and 1975; Isoproturon + Ioxynil + rnecoprop, 1976.
treatments, other than amounts of N, were
reversed annually. Years in wheat are shown in
parentheses.
Method
Basal fertilizer containing 20 % P2O6 and 20 %
K2O was broadcast each autumn over the stubble
to give 250 kg P2O5 and K2O/ha, and ploughed in.
Additionally, a fertilizer containing 20 % N,
10% PaO6 and 10% K2O was broadcast by drill at
sowing to give 50 kg N/ha (plus P and K), except
that, from 1974, plots sown by Smythe drill were
given the 20%P2O6 and 20%K2O fertilizer at
sowing, to supply the same amount of P and K,
plus N by hand as appropriate. Residual herbicides
were sprayed across the plots soon afterwards to
control grass weeds, except in October 1974 when
the soil was too wet. In April, N was broadcast by
hand and herbicides applied by tractor-mounted
sprayer. From 1971 to 1973N was broadcast late
in April. From 1974 onwards, the first dressing was
applied as soon as soil conditions allowed; dates of
other dressings are given in Table 2. Chlormequat
chloride (CCC) was sprayed between growth stages
31 and 32 (Zadoks, Chang & Konzak, 1974) i.e.
when 1 or 2 nodes were detectable. Samples for leaf
area measurements, ear counts and dry-matter
production were taken between growth Btages 58
and 62, i.e. between ear emergence and beginning
of anthesis.
The whole plot area was combine-harvested.
Each year the weight of grain was recorded on each
plot and of straw from the Smythe-drilled plots.
Samples of grain and straw were taken to determine
dry-matter content and percentages of N and K.
Yields were adjusted to allow for effects produced
by longitudinal paths of different jwidth (produced
by the different sowing systems) using the conven-
tion adopted by the National Institute of Agri-
cultural Botany for this purpose, i.e. distance from
outside row to outside row, plus half the width of
each path, to a maximum of 46 cm (Wickens, 1967).
This correction has been confirmed by measure-
ments made at Rothamsted (Widdowson, 1973).
All yields of grain and straw have been adjusted to
85 % dry-matter content.
RESULTS
The first period 1971-3
Appendix Table 1 shows total dry-matter yield,
number of ears and leaf area at ear emergence (late
June) from selected treatments for each year.
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Table 3. Mean yields, number of ears, leaf areas and nitrogen contents of winter wheat sampled
at ear emergence each year from 1971 to 1973
Measurements made on each crop
N given (kg/ha)
50
100
150
100
150
100
150
100
150
100
150
Mean
Yield of
dry matter
(t/ha)
Ear-bearing
stems/m2
Leaf area
index
(m8 leaf/m2 soil)
Percentage
N i n
dry matter
Wheat sown at 180 kg/ha in rows 20 cm apart by Smythe drill
7-33
8-38
8-71
Wheat sown at
8-99
9-42
Wheat sown at
8-57
9-48
Wheat sown at
8-02
8-59
Wheat sown at
8-51
8-65
8-60
387
432
411
140 kg/ha in i
436
454
5-64
6-73
7-30
rows 15 cm apart
7-27
8-18
280 kg/ha in rows 15 cm apart
480
500
7-64
8-50
140 kg/ha in rows 30 cm apart
363
418
280 kg/ha in i
484
459
438
6-85
7-47
rows 30 cm apart
7-47
7-29
7-30
1-33
1-51
1-71
by cultivator drill
1-49
1-62
by cultivator drill
1-43
1-66
by cultivator drill
1-50
1-64
by cultivator drill
1-46
1-77
1-55
N
taken-up
(kg/ha)
101
127
150
134
154
124
162
122
142
125
154
136
Table 4. The effects of row width, seed rate, and nitrogen on the yield of winter wheat
(Cappelle-Desprez) at Saxmundham 1971-3
SftfiH Tfl tiA
kg/ha) . . .
N given
(kg/ha)
50
100
150
Mean
50
100
150
Mean
50
100
150
Mean
20 cm
(traditional)
180
503
5-44
5-52
5-33
1-73
1-98
2-24
1-98
75-9
92-2
106-3
91-5
70
15
140
cm
210
Row width
280 70
30 cm
140
Yields of grain (t/ha at 85 % dry matter)
4-99
5-21
508
5-09
1-85
209
219
204
81-9
961
98-5
92-2
5-55
602
5-92
5-83
1-80
1-99
2-21
2-00
5-36
609
5-93
5-79
5-26
5-81
5-65
5-57
% N in grain
1-80
2-02
2-21
201
N taken-up by ;
89-1
106-6
115-8
103-8
85-8
109-5
116-5
103-9
1-78
203
2-16
1-99
5-20
5-86
5-77
5-61
1-86
2-08
2-30
208
jrain (kg/ha)
83-3
104-8
108-5
98-9
84-4
105-4
1140
101-3
5-26
5-73
5-71
5-57
1-82
204
2-17
201
83-2
1010
107-6
97-3
210
5-31
5-73
5-65
5-56
1-84
210
2-23
2-06
85-2
104-2
108-7
99-4
280
5-19
5-46
5-35
5-33
1-81
203
2-23
202
81-8
95-9
103-4
93-7
Meai
5-22
5-68
5-61
5-50
1-81
204
2-23
202
83-4
101-7
108-8
980
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Although yield and number of ears varied little
from year to year on Smythe-drilled plots (taken as
the standard) leaf area index (leaf area/m2) varied
greatly, with values below 6 occurring in 1972.
Wheat sown in rows only 15 cm apart tended to
produce more dry matter, more ears and larger
leaves at this stage, whilst doubling seed rate
increased number of ears, but little affected dry-
matter yield or leaf area. By contrast, widening the
rows to 30 cm apart nearly always diminished dry-
matter yield (relative to the 15 cm rows) whilst not
consistently altering number of ears or leaf area.
Table 3 shows that dry-matter yields at ear
emergence were increased by up to 0-6 t/ha by
sowing the seed in the narrower rows and by up to
0-8 t/ha by increasing the amount of seed sown, but
decreased by widening them relative to the Smythe
plots. Number of ears exceeded 460/m2 only with
the double amount of seed and leaf area index
exceeded 8 only where seed was sown in rows
15 cm apart and given 150 kg N/ha. Percentage N
and N uptake were little influenced by row width
or seed rate.
Appendix Table 2 shows grain and straw yields
each year. In 1973, lodging was intensified by
nitrogen fertilizer and, because of this, yields of
grain were smaller with 150 or 100 than with
50 kg N/ha. Previously 150 kg N/ha had not
diminished yields, though 100 kg had been nearly
enough for maximum yield. Consequently we
decided to test chlormequat chloride (CCC) from
1974 onwards, to measure better the response to N.
Table 4 shows that changing seed rate or varying
row width scarcely affected yield. There was some
benefit from sowing seed with the cultivator drill,
but not from sowing more or less seed with it, than
the 180 kg/ha traditionally sown. Accepting this,
there still appeared to be some advantage from
sowing the seed in rows 15 cm rather than 20 cm
apart though this ignores the fact that cropping
sequence 5 (sown by Smythe drill) may, at this
stage, have been less favourable to continuous
wheat than the other sequences. Rows 15 cm apart
out-yielded those 30 cm apart by 0'25 t/ha, except
at the smallest sowing rate (70 kg/ha) when the
wider rows out-yielded the narrow.
Table 4 also shows that % N in grain was slightly
decreased by increasing the amount of seed sown,
and by the narrower row spacing. Grain N uptakes
simply reflected the yields shown in the upper part
of the Table, the largest amounts being in excess of
110 kg N/ha. The efficiency of the second incre-
ment of N (150-100 kg N/ha) was very small (14%
recovery by the grain). In these 3 years, continuous
Table 5. The effects on grain yield and N recovery of increasing the number of successive wheat
crops in five sequences begun in 1966
Year when continuous wheat began in each sequence
nee
1971
1972
1973
1971
1972
1973
Mean
1971
1972
1973
Mean
1971
1972
1973
Mean
1970
5*
The
2
3
4
Yields
5-92
5-34
4 7 3
(5-33)
1-98
1-83
2 1 6
(1-99)
104-5
83-8
86-1
(91-5}
1969
4
1968
3
1967
2
» number of consecutive wheat crops in
3
4
5
of wheat grain
5-72
5-87
5 1 3
5-57
%Nin
1-97
1-89
2-26
2-04
N taken-up by
106-4
94-7
9 8 0
99-7
4
5
6
5
6
7
(t/ha at 85 % dry matter)
5-56
5-84
4-96
5-45
wheat grain
1-95
1-90
2-21
2-02
wheat grain (kg/ha)
102-7
94-7
92-5
96-6
5-73
5-89
5 1 3
5-58
1-97
1-94
2-22
2 0 4
106-8
97-7
96-2
100-2
1966
1
6
7
8
5-71
5-87
5-12
5-57
1-99
1-88
219
2-02
107-9
94-2
94-8
990
Note sequenoe 5 sown by Smythe drill.
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wheat needed no more than 100 kg N/ha in spring,
either for maximum yield or grain N content.
However, basal N applied at sowing increased the
total amount given. In an adjacent experiment
wheat given N in autumn but none in spring, con-
tained 48 kg N/ha in grain and 14 kg N/ha in
straw (Penny, Widdowson & Jenkyn, 1978), so
that the uptakes in Table 4 have to be judged
against this level of background N in soil.
Table 5 shows that increasing the number of
consecutive crops of winter wheat little affected
yield, % N in grain, or recovery of N by grain in the
four sequences sown by cultivator drill, and hence
directly comparable. Values were generally smaller
in sequence 5 than in the others, but we cannot
explain why.
The second period 1974-6
Appendix Table 3 shows that yields were far
larger in 1974 than subsequently. In 1975 an
extremely wet autumn and spring prevented the
application of herbicides to control black grass,
which competed strongly with the wheat. This
probably explains the small yields then. In 1976 the
wheat flowered and matured far earlier than usual.
It was harvested on 27 July because of the ex-
tremely hot and dry summer and the small yields
may be explained by the loss of about 30 days of
growing season. Table 6 shows that yields on
sequence 5, sown by Smythe drill, were the smallest.
Comparisons between plots sown by the close-row
drill show that Maris Huntsman out-yielded
Cappelle-Deprez, both with CCC (by 0-26 t/ha) and
without (by 0-19 t/ha) and whether the N was
applied in one dose or in two. This increase in yield
(of only 4-5 %) was far less than we expected from
the then highest yielding variety on the Recom-
mended List (National Institute of Agricultural
Botany, 1974), which indicated that Maris Hunts-
man had a yield potential at least 20% greater
than that of Cappelle-Desprez. More detailed
examination of the results showed no influence of
the cropping sequences (i.e. 6-11 wheat crops) or of
the amount of N given, on this varietal comparison.
Maris Huntsman always out-yielded Cappelle-
Desprez in these experiments but by far less than
anticipated. By contrast % N in grain was always
smaller in Maris Huntsman than in Cappelle-
Desprez, but because yields of Maris Huntsman
were larger, its grain removed more N. Nitrogen
top-dressings increased yields and % N in grain, a
little more when divided into two than when
applied all at one time; the net advantage in yield
was only 0-11 t/ha of grain. This was smaller than
the effect of CCC, which increased the yield of both
varieties, at both times of top-dressing by a mean
Table 6. The effects of sowing method, variety, chlormequat chloride (CCC) timing of nitrogen and
amounts of nitrogen on the yield and N uptake of winter wheat at Saxmundham, 1974-6
Seed sown by . . . Smythe Close-row drill (12'5 cm)
Variety . . .
CCC . . .
Top-dressing . . .
N given (kg/ha)
50
100
150
Mean
50
100
150
Mean
50
100
150
Mean
S
3-62
4-50
5 1 1
4 4 1
1-56
1-78
1-93
1-76
48-4
68-5
84-0
67-0
Cappelle-Desprez
Without
S D
With
S D
Maris
Without
S
Yield of grain (t/ha at 85 % dry matter]
3-74
4-68
5-59
4-67
1-57
1-74
1-95
1-75
50-3
69-9
9 3 1
71-1
3-90
4-98
5-44
4-77
1-55
1-79
1-98
1-77
417
4-97
5-51
4-88
4-15
5-27
5-79
5'07
% N in grain
1-53
1-67
1-97
1-72
N taken-up by
51-7
7 6 0
91-6
7 3 1
54-2
70-7
92-7
72-5
1-53
1 77
1-93
1-74
3-96
516
5-59
4-90
1-50
1-69
1-97
1-72
grain (kg/ha)
54-7
8 0 0
950
76-6
5 0 1
74-8
93-6
72-8
D
1
4-23
5-33
5-64
5 0 7
1-52
1-70
2 0 1
1-74
54-8
77-3
96-4
7 6 1
Huntsman
With
S
4-27
5-12
6 0 8
516
1-48
1-66
1-91
1-68
54-3
730
99-3
75-5
D
4 1 9
5-31
600
5-17
1-49
1-70
1-91
1-70
529
76-8
9 7 8
75-8
Mean
4 0 3
5 0 4
5-64
4-90
1-53
1-72
195
1-73
52-4
7 4 1
93-7
73-4
S, single dressing; D, dressing divided.
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amount of 0-22 t/ha of grain. Presumably because
of this increase in yield, CCC decreased % N in
grain by between 0-03 and 0-04, whilst generally
increasing the total amount of N removed by the
grain. Mean maximum yields were very similar to
those obtained from 1971 to 1973 (ca. 60 t/ha), but
150 rather 100 kg N/ha were required to obtain
them. In the 2 years that it was directly tested
autumn N increased yields of grain by 0-76 t/ha
(Appendix Table 3).
Amounts of N03-N in the lower stem of plants
with and without autumn-applied N were measured
in 1974 using Williams' (1969) method. Autumn-
applied N had little effect in December and January
when the stems contained much nitrate, presum-
ably derived from residues (Table 10). In March and
early April plants given N in autumn contained
most N03-N. On 22 April, just before the spring N
was applied, all plants contained little nitrate,
whilst 2 weeks later amounts in the lower stems
increased. In 1974 average grain yields of Cappelle-
Desprez without and with autumn N were 4-62 and
5-35 t/ha. This large benefit occurred when N lost
by leaching during the preceding winter was only
7 kg N/ha (Table 9).
Table 7 shows, unlike Table 5, that increasing the
number of consecutive wheat crops did decrease
yields. In 1974, the number of previous wheat
crops had no effect on yield; in 1975 and in 1976,
however, yields in sequences 1 and 2 (wheats 9-11)
were smaller than in sequences 3 and 4. These
losses in yield may reflect differences in grass weed
populations, for without weed control in 1975
black grass multiplied greatly. This grass may have
affected yields not only in 1975, by being more
abundant in the longest wheat growing sequences,
but also in 1976 because there were many seedlings
despite the use of herbicides both in autumn and in
spring. This infestation caused us to stop growing
winter wheat in 1976, so as to intensify weed
control measures.
Relationship between cropping sequences
and nitrogen manuring
Nitrogen fertilizer requirement of wheat follow-
ing a well-manured or leguminous break crop is
smaller than that of a second wheat crop. It is
sometimes stated that third and fourth cereal crops
need more N than the second (Mundy & Selman,
1973). Table 8 shows little difference in response to
N in each period, from ever-increasing numbers of
successive wheat crops, even when mean yields
Table 7. The effects on grain yield and N recovery of increasing the number of successive wheat crops*
in five sequences begun in 1966
Year when continuous wheat began in each sequence
Sequence
1974
1975
1976
1974
1975
1976
Mean
1974
1975
1976
Mean
1974
1975
1976
Mean
1970 1969 1968
5t 4 3
The number of consecutive wheat crops in
5 6 7
6 7 88 9
Yields of wheat grain (t/ha at 85 % dry matter)
5-35 5-96 600
3-65 412 4-11
4-23 4-64 4-61
(4-41) 4-91 4-91
1-81
1-71
1-76
1-761
0/
/o N in wheat1-76
1-65
1-75
1-72
grain
1-79
1-71
1-73
1-74
N taken up by wheat grain (kg/ha)
830 89-9 92-4
53-8 59-8 60-9
64-1 70-5 68-2
(670) 73-4 73-8
* All comparisons are of Cappelle-Desprez.
t Sequence 5 sown by Smythe drill.
1967
2
8
9
10
r)
604
4-02
4-53
4-86
1-80
1-69
1-79
1-76
931
58-9
69-6
73-9
1966
1
9
10
11
605
3-67
4-43
4-72
1-82
1-71
1-78
1-77
94-2
54-5
67-9
72-9
AGS 94
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began to decline (in sequences 1 and 2) in the
second period of the experiment. We obtained no
evidence of N preventing a decline in yield, or of
more N being needed in one cropping sequence than
in another, for decline was no more evident with 50
than with 150 kg N/ha.
Comparisons between the effects of N in the two
periods of the experiment
The effects of the first (50-100 kg N/ha) and the
second (100-150 kg N/ha) increments of spring-
applied N on yield were very different in the two
Table 8. The relationship between the number of consecutive crops of winter wheat, the amount of
nitrogen fertilizer applied and yield of grain (t/ha at 85 % dry matter) in two sets of years
Cropping
sequence
4
3
2
1
4
3
2
1
(Years
in wheat)
(2-4)
(3-5)
(4-6)
(5-7)
(6-8)
(7-9)
(8-10)
(9-11)
6
1
s
-
-
50
5-30
5-25
5-24
5-28
4 0 8
4-18
3-94
4 0 6
N applied (kg/ha)
A
100
Years 1971-3
5-73
5-68
5-78
5-78
Years 1974-6
4'98
5-28
514
5 0 3
^°
^^ /
150
5-70
5-44
5-73
5-65
6 0 4
5-52
5-77
5-50
Mean
5-58
5-46
5-58
5-57
5 0 3
4-99
4-84
4-86
Eesponse to
100 kg N
(150-50)
0-40
019
0-49
0-37
1-96
1-34
1-83
1-44
D
2-5
20
1-5 -
50 100
N (kg/ha) applied in spring
150
Fig. 2. Mean yields and % N in grain of winter wheat at Saxmundham. O—O» Cappelle-Desprez, 1971-3;
• — • , Cappelle-Desprez, 1974-6; • — • , Maris Huntsman, 1974-6.
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periods, though maximum yield was similar (Fig.
2). In the first period the response to the second
increment of N was negligible, partly because of
severe lodging losses in 1973 and partly because
yields with only 50 kg N/ha were large. In the
second period the yield with only 50 kg N/ha was
far smaller and responses to N larger. Then, the
response to the second increment of N was 60 % of
the first and similar for both of the varieties. By
contrast % N in the grain was increased consis-
tently by fertilizer N, both for the same variety in
the two periods and for the two varieties in the
second period. On average the first 50 kg increment
of N increased grain % N by 0-20 and the second by
0-21.
Effects of season on yield and nitrogen economy
Table 9 shows how annual means (using only
Cappelle-Desprez) for yield, % N and N uptake
varied from year to year on this site. Mean yields
in excess of 5 t grain/ha were obtained in 5 of the
11 years and were associated with nitrogen uptakes
Table 9. The effect of season on the yield, nitrogen
percentage and uptake of wheat grain at Saxmundham,
and losses of N in •
Harvest
year
1966
1967
1968
1969
1970
1971
1972
1973
1974
1975
1976
Mean
yield
(t/ha at
85% dry
matter)
3-33
4-40
505
3-44
3-51
5-73
5-76
5 0 1
5-88
3-91
449
winter, 1966-76*
% N
in grain
1-93
1-54
2 1 1
1-70
1-60
1-97
1-89
2-21
1-80
1-69
1-76
N
taken-up
by grain
(kg/ha)
54-5
57-7
90-7
5 0 1
47-9
105-7
9 3 0
93-5
90-5
58-0
6 8 1
Losses of N
in drainage
over
previous
winterf
(kg/ha)
15
14
7
29
19
9
10
3
7
32
6
• Values are averages of all plots of wheat each year,
f Estimates provided by R. J. B. Williams.
in excess of 90 kg/ha. These larger yields and
uptakes were also associated, except in 1966, with
the larger grain N percentages. Hence nitrogen
economy appeared to be the factor most influencing
yield. Bearing in mind that all plots were given
fertilizer N and the average dressing was compara-
able throughout, it is surprising that the variations
were so large. I t is interesting to speculate whether
the amount of N remaining in the soil after winter
and hence available to the young wheat plants
influenced subsequent yield. We have no measure-
ment of this, but estimates of losses of N in drain-
age were obtained by Williams (1976) on this field
and used to calculate the losses shown in Table 9.
These estimates relate well with variations in yield
and N uptake between years, because large losses
of N in drainage were associated with small uptakes
of N by the wheat, and hence smaller yields.
Potassium economy of the crops
Although the need of potassium was not tested
in these experiments (basal P and K were given
annually) we used the produce from the Smythe-
drilled plots (sequence 5) to measure K concentra-
tions in, and amounts removed by, grain and straw
each year. In addition, we also measured K in
green wheat at ear emergence from a range of
treatments in 1973. Some of these (on sequence 5)
are shown in Table 11; since they were typical of
the rest, no others are shown. The data confirm the
large K requirement of the growing crop which, at
this growth stage, was roughly 3-5 times larger than
that found in grain plus straw at harvest.
Percentage K in the grain varied more with
season than with N treatment, although, on
average, % K in grain decreased with increasing N
application (Table 12). Percentage IC in. straw
varied considerably both between years and with
N treatment. The straw was always sampled
immediately after combine-harvesting and was
never leached by rain. The seasonal variation in
% K in straw can be related to the rainfall in the
period before harvest (Table 13); the best relation-
ship was with rainfall in the preceding 18 days. As
the amount of rain increased % K diminished,
Table 10. Amounts of nitrate-N in the lower stem of plants grown with and without 50 kg ~N/ha
applied at drilling*
Date 13. xiif 24. i 22. ii 19. hi 28. hi 9. iv 22. ivj 7. v 21. v 7. vi 13. vi 25. vi 5. vii
NCVN/tg/g
Autumn N
Without
With
635 780 415 140 140 0 0 405 45
635 785 320 435 255 100 15 315 40
* 4 October 1973.
f 13 December 1973, all other dates 1974.
X Samples taken immediately before spring N applied.
0 0 0
10 0 0
6-2
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showing that K can be leached from the standing
straw during the period prior to harvest.
The increase in % K in straw with increasing
amounts of applied fertilizer N (Table 12) occurred
in all years. Similar increases have been found in
winter wheat grown elsewhere, on a sandy loam
Table 11. Percentages of K in winter wheat at ear
emergence and the uptakes of K at ear emergence and
at harvest, in 1973
N applied in spring
(kg/ha)
K dry matter of green
wheat (%)
K taken-up by green
wheat (kg/ha)
K taken-up at harvest by
grain plus straw (kg/ha)
50
2-37
210
67
100
2-36
203
65
150
2-49
232
71
Table 12. Percentages of K in the grain and straw of
winter wheat and the amounts taken-up by each, at
Saxmundham and at Rothamsted
In grain
In straw
By grain
By straw
At Saxmundham, 1971-6
N
50
0-47
0-96
16-9
28-9
applied in spring (kg/ha)
100 150
% K in dry matter
0-45 0-44
108 1-18
K (kg/ha) taken-up
18-8 19-8
37-8 46-2
Mean
0-45
1-07
18-5
37-6
At Rothamsted, 1970-5 (Broadbalk field)
N applied in spring (kg/ha)
Ingrain
In straw
By grain
By straw
48
0-50
0-82
16-2
20-2
96 144
% K in dry matter
0-48 0-46
1-00 106
K (kg/ha) taken-up
20-6 20-6
34-9 41-8
Mean
0-48
0-96
191
32-3
soil at Woburn (Igbokwe, 1977) and on a silty clay
loam soil on Broadbalk field at Rothamsted (A. E.
Johnston, unpublished data). Presumably K was
taken up as a balancing cation with increasing
amounts of NO3-N. This raises the interesting
question whether it is necessary to have much K
available in the soil to increase the N content first
of the stems and leaves and then of the grain.
The amount of K removed in the grain at harvest
was about 33 % of the total in grain plus straw and
the amount in the grain varied much less with N
treatments than that in the straw. Amounts of K
removed at Saxmundham were very similar to
those in wheat grown continuously on Broadbalk
field at Rothamsted (Table 12). Total K removed
during the 6 years of the experiment increased
from 275 to 396 kg/ha with annual N applications
of 50 and 150 kg/ha respectively.
Effects of cropping and manuring on
exchangeable-K in soil
Soils from all treatment sequences were sampled
in autumn 1973, equal numbers of cores being
taken from the three N subplots on each whole
plot. Exchangeable K ranged only from 188 to
221 mg K/kg of air-dry soil. The only other soil
samples taken were from four treatment sequences
in autumn 1967. Between 1968 and 1973, 1015 kg
K/ha were applied as fertilizer. The K removed
during 1971—3 is known and that during 1968-70
was estimated. The total K removed in the 6 years
was 420 kg/ha, leaving a residue of 595 kg in the
soil. Using 3630 t/ha as the weight of dry soil to
25 cm (Johnston, Poulton & Williams, 1979) the
residual fertilizer K should have increased ex-
changeable K in soil by 164 mg/kg. The measured
increase, however, was only 78 mg/kg, i.e. only
48 % of the K residue had remained in an exchange-
able form in the plough layer. This agrees well with
the amounts (50%) which remained exchangeable
in the top 25 cm of soil under grass leys grown for
7 years at Saxmundham (Johnston et al. 1979). As
the Chalky Boulder Clay soils have a reputation for
releasing much K, we did not expect to find that so
much residual K had been fixed in non-exchangeable
forms. This phenomenon is being studied in
laboratory and glasshouse experiments.
Table 13. Rainfall before harvest and % K in straw, Saxmundham 1971-6
Year . . .
Date of harvest
% K in straw dry matter . . .
Rainfall (mm)
In 12 days before harvest
In 18 days before harvest
1976
27.vii
0-679
41
63
1974
28. viii
0-874
9
29
1971
25. viii
0-962
10
34
1975
19. viii
1139
11
11
1973
25. viii
1-247
2
2
1972
29. viii
1-514
2
2
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DISCUSSION
The purpose of these experiments was to under-
stand and then eliminate the factors that had
caused yields at Saxmundham to be so small in the
past. High yielding crops of winter wheat after
break crops at Rothamsted were taken as a stand-
ard. Slope et al. (1973) introduced four non-cereal
breaks in sequence on this site to study effects on
yield and soil-borne pathogens. Break crops
decreased footrots and increased yields. Although
maximum yields in excess of 5-5 t/ha were obtained
after the breaks in 1967 and 1968, they were less
than 4 t/ha in 1969 and 1970. Both take-all and
eyespot were shown to be unimportant in wheat
after the ley or beans, and no other soil-borne
pathogens were recognized. The authors concluded
'that the yield of wheat at Saxmundham was more
seriously affeoted by weather and soil conditions
than by take-all and eyespot'. They pointed out
that 'take-all decline' may occur at Saxmundham
and this suggested to us the possibility of growing
wheat continuously on this site.
Failure to obtain large yields after the breaks in
1969 and 1970 suggested that the physical condi-
tions of this soil might limit root growth in winter,
thus diminishing the number of tillers in spring and
preventing the crop from producing sufficient ears.
Alternatively, moisture stress might subsequently
limit the ability of the crop to produce sufficient
assimilate to fill the ears adequately. To examine
the possibility that either more or fewer plants,
arranged in different patterns, might influence
yields, we made tests from 1971 to 1973 of four seed
rates and three row spacings, each at three levels of
N. Samples of the crop were taken each year, at or
near flowering (late June) and were used to measure
growth and nutrient contents (Table 3). These
were related to measurements made at the same
time on comparable wheat at Rothamsted. They
were all very much alike. Subsequent comparisons
of the growth and yield of wheat on an adjacent
experiment at Saxmundham and on Broadbalk
field at Rothamsted (Penny et al. 1978) also showed
little difference in leaf area, number of ears, 1000-
grain weight or yield, of continuous wheat at the
two Stations.
Our tests did little more than confirm that the
traditional seed rate (180 kg/ha) was near optimum
for winter wheat at Saxmundham and that sowing
more or less seed diminished yield. However, the
tests did show some benefit from sowing the seed in
narrow (15 cm) rather than wide (30 cm) rows with
a cultivator drill, but less than expected. This find-
ing confirms results from previous experiments
with winter wheat at Rothamsted and Woburn
(Moffatt & Widdowson, 1967) in which broadcast
seed and seed sown in rows either 10 or 17-5 cm
apart gave remarkably similar yields. The experi-
ment also showed that there was no justification
for applying large amounts of N for continuous
winter wheat. Yields were little larger with 150
than with lOOkgN/ha in 1971 or in 1972 and
smaller in 1973, because then more than 50 kg N/ha
induced severe lodging, after a dry winter with
little leaching (Table 9), followed by 73 mm of rain
in July.
The possibility that roots were limited in depth
and lacking in quantity was examined by P. J.
Welbank and P. J. Taylor both in 1972 and in
1973 using previously reported methods (Welbank
et al. 1974). They took cores of soil (8 per plot, 7 cm
diameter x 100 cm deep) from selected plots in late
June, at the same time as the tops were being
sampled, and extracted and measured the roots.
Samples were separated into different layers in the
Table 14. Length of roots per TO2 of land surface and root density in different soil layers in June
at Saxmundham and at Rothamsted
Soil layer
(cm)
0-12-5
12-5-25
25 -37-5
37-5-50
50 -62-5 \
62-5-75 J
75 -87-5\
87-5-100 J
1972
Length per
ma surface
(m)
34
22
13
20
40
4
Saxmundham
Density
(cm/cm3)
2-29\
1-94)
l-01\
1-42 J
1-31
0-77
1973
Length per
ma surface
(m)
117
42
13
14
12
8
Density
(cm/cm3)
4-66
1-70
1-08
110
0-93
0-64
Rothamsted
1973
Length per
m2 surface Density
(m) (cm/cm8)
99
36
16
14
9
9
3-97
1-46
1-29
115
0-70
0-70
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second year from those used in the first year, to
study the distribution of deeper roots in more
detail.
Table 14 shows that, contrary to expectations,
wheat roots were found to the full sampling depth
and appeared to extend beneath it. Root amount
and distribution down the profile differed in the 2
years but, in 1973, more roots were reoovered at
Saxmundham than from a comparable crop of
winter wheat, in a study of growth and yield, at
Rothamsted; the general pattern of root distribu-
tion was similar at both sites.
It appeared that there was nothing fundament-
ally wrong either with the foliage or with roots of
the wheat plant which would help to explain why
yields had been small in the past, or why they
differed so much from year to year. Tests were
therefore made with irrigation on adjacent wheat
to see whether water (added to meet the soil
moisture deficit) increased yields. It decreased
yields both in 1972 and in 1973 (Cooke, 1975) and
so the tests were discontinued.
Estimates of take-all and eyespot were made by
Table 15. Percentage incidence of take-all and eyespot
and yield of winter wheat 1971-5
Yield
Year
1971
1972
1973
1974
1975
% plants % straws
(grain t/ha) with take-all with eyespot
5-73
5-76
501
5-88
3-91
28 (6)*
71 (35)
70 (29)
25(3)
40 (13)
62 (32)
45 (14)
30(5)
27(8)
55 (22)
* Numbers without parentheses are total infection,
within parentheses moderate plus severe infection.
D. B. Slope, usually in June, during 1971-5 using
methods described previously (Dyke & Slope,
1978). Forty plots were sampled each year, each
sample consisting of all plants from a 30 om length
of row. Percentage plants with take-all, and straws
with eyespot, are in Table 15 together with mean
grain yields averaged over all crop sequences and N
rates. D. B. Slope comments, ' I would not class
these as severe attacks of eyespot or take-all;
take-all probably lessened yields in 1972 and 1973,
eyespot may have in 1971 and 1975'. The range of
percentage plants with take-all (Table 15) is similar
to that in 1966-70 for second and subsequent
wheat crops (Slope et al. 1973). These estimates
confirmed that take-all was in equilibrium with the
crop in this soil and therefore unlikely to have
increased losses further. These measurements
relate well to the yields in Table 5 which show
little loss in any year from increasing the number of
successive wheat crops.
There thus seemed every justification for con-
tinuing to grow wheat each year on this site and,
knowing the most appropriate seed rate and row
spacing, to study other agronomic factors that
might enhance yield. A variety with a larger
potential yield was the obvious way to increase
grain yield and we grew Maris Huntsman because,
in National Institute of Agricultural Botany
trials, it had produced yields 23% larger than
those of Cappelle-Desprez (National Institute of
Agricultural Botany, 1974). For continuity and for
comparison we split the plots and grew both
varieties on each. Also tested were CCC and split
top-dressings of N. All three changes enhanced
yields, Maris Huntsman by 4-5%, CCC also by
4-5% and divided N dressings by 2-4%. The three
together increased mean grain yield from 4-67
Table 16. Yields of continuous winter wheat (Cappelle-Desprez) at Bothamsted (Broadbalk Field) and
at Saxmundham, on plots given comparable treatment, 1971-3 and 1974-6
Yields of grain (t/ha at 85% dry matter)
Total N given (kg/ha)*
Rothamsted
Without autumn N
Saxmundham •
With 50 kg N/ha autumn
Rothamsted
Without autumn N
Saxmundham
Without autumn N
With 50 kg N/ha autumn
(cm)
17
20
17
20
12-5
50
1971-3
3-98
—
1974-6
2-96
3 1 0
100
5-21
5 0 3
3-94
3-98
3-81
150
5-20
5-44
4-51
4-72
4-83
200
5-10
5-52
516
5-51
* At Rothamsted amounts were 48, 96, 144 and 192 kg /ha.
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(Cappelle-Desprez, with single top-dressing and no
CCC) to 5-17 t/ha (Maris Huntsman with a divided
top-dressing and CCC). These improved practices
increased grain yield hy 0-5 t/ha (or 11%) whilst
rotation and total N applied remained unchanged.
There is thus scope at Saxmundham, as elsewhere,
for increasing yield simply by adopting improved
management, but without, unfortunately, prevent-
ing large variations in yield from year to year.
Table 9 shows that there was a close inverse
correlation between yield and rainfall during the
preceding autumn and winter, partly because
additional rainfall enhanced losses of N by
leaching and partly because growth appeared to be
less during winter in the wetter years. We have no
direct evidence on these matters, but we have
observed that winter wheat establishes only slowly
at Saxmundham, probably because our seed beds
were always cloddy following mouldboard plough-
ing and often dry. The crop therefore enters the
winter at a disadvantage and grows only slowly in
spring. Also, it is seldom possible to apply N early
in spring beoause the soil is too wet, and if heavy
rain falls soon afterwards, it may be lost quickly by
leaching into the drains.
Despite all these apparent disadvantages, wheat
in these experiments yielded as well as comparable
wheat at Rothamsted (Table 16). There is a re-
markable similarity between the yields obtained in
the two sets of years at the two Stations. If these
yields are economically acceptable there seems no
reason why farmers should not grow long runs of
winter wheat on chalky boulder clay soils, provid-
ing that they can adequately control the annual
grassy weeds that systems like this encourage. This
was the major problem that we failed to overcome.
However, Hanley & Bidgman (1978) had fewer
problems with black grass in winter wheat grown
on Gault Clay near Cambridge, perhaps because
they burnt the stubbles after harvest. They also
found no consistent yield difference between the
second and later crops of winter wheat, which in
their experiment continued for a maximum of 14
years. Like us they also found no need for additional
N as the number of successive wheat crops in-
creased. So together, we have obtained data from
three heavy, but contrasting soils, on each of which
yields were maintained in long runs of winter
wheat, albeit at a lower level than that of the first
wheat following a break crop.
We thank V. C. Woolnough (foreman at Sax-
mundham) for sustained help throughout, J. H. A.
Dunwoody for the statistical analysis of the results
and R. C. Flint, M. V. Hewitt, P. R. Poulton and
other members of the Rothamsted staff who helped
with the work. We also thank D. B. Slope for take-
all assessments, P. J. Welbank for root measure-
ments and R. J. B. Williams for calculating the
losses of N in drainage.
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Appendix Table 1. Yields of green wheat at ear emergence, number of ears and leaf area
each year from 1971 to 1973
Leaf area index
Yield of dry matter (t/ha) Ear-bearing stems/m2 (m2 leaf/m2 soil)
N given (kg/ha)
50
100
150
1971 1972
Wheat sown in
719
8-59
8-49
5-95
7-97
8-32
1973
rows
8-84
8-58
9-31
1971
20 cm apart
362
418
415
1972 1973
by Smythe drill
324
404
415
476
476
404
1971
5-77
7-63
7-68
1972
3-69
4-96
5-76
1973
7-45
7-59
8-47
S.B. of a difference +
100
150
100
150
100
150
100
150
S.E. of a difference +
0-626 0-893 0-582 3 1 1 41-2 49-6 0-718 0-513 0-741
Wheat sown at 140 kg/ha in rows 15 cm apart by oultivator drill
9-25 8-38 9-34 421 418 471 7-33
9-42 10-10 8-74 432 511 419 7-77
Wheat sown at 280 kg/ha in rows 15 cm apart by cultivator drill
8-25 7-79 9-68 463 447 529 7-46
9-99 8-44 1001 542 469 490 9-30
Wheat sown at 140 kg/ha in rows 30 cm apart by cultivator drill
6-91 7-97 917 243 384 463 611
819 8-66 8-92 371 433 450 6-80
Wheat sown at 280 kg/ha in rows 30 cm apart by cultivator drill
807 8-65 8-80 467 492 492 7-23
814 908 8-74 426 495 456 706
0-545 0-498 0-461 33-9 24-3 45-6 0-704
6-42
917
6-76
7-49
6-35
7-49
7-41
7-63
0-474
806
7-61
8-69
8-71
808
813
7-77
7-17
0-723
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Appendix Table 2. The effects of solving Jour amounts of wheat seed at two row spacings on yield and N
uptake, relative to those from seed sown at traditional row spacing and seed rate at Saxmundham, 1971-3
Year . . .
given (kg/ha)
1971 1972 1973
50 10050 100 150 50 100 150
Yields of wheat grain (t/ha at 85% dry matter)
Wheat sown at 180 kg/ha in rows 20 cm apart (traditional) by Smythe drill
5-67 5-78 6-30 4-31 5-83 5-87 5-10 4-70
S.E. of a difference
Seed sown (kg/ha)
70
140
210
280
70
140
210
280
S.E. of a difference
S.E. of a difference
±0-167 ±0-207
Wheat sown in rows 15 cm apart by cultivator drill
4-43 4-82 4-75 5-20 5-97 606
5-35 6-41 6-55 5-54 6-27 6-33
5-34 6-60 6-66 511 6-31 6-39
5-22 6-12 6-28 4-98 608 6-09
Wheat sown in rows 30 cm apart by cultivator drill
4-92 6-11 6-20 5-22 6-34 6-21
515 5-97 6-26 5-27 613 6-20
502 5-98 615 5-38 618 6-23
4-77 5-68 5-60 5-36 5-99 602
±0-236 ±0-230
Yields of wheat straw (t/ha at 85% dry matter)
Wheat sown in rows 20 cm apart by Smythe drill
4-19 4-15 4-82 3-21 4-74 5-21
±0148 + 0-407
4-88
+ 0093
±0-243
4-39
±0163
150
4-39
5-33
5-76
5-63
5-57
6-47
5-35
5-54
5-45
4-83
5-38
5-37
5-24
5-14
5-10
5 0 3
4-70
4-44
4-87
4-74
4-57
4-90
4 6 8
4-58
4-43
4-64
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Appendix Table 3. The effects of sowing winter wheat in two ways and comparisons between two varieties,
given N at two times and in three amounts with and without a growth regulator (CCC) at Saxmundham 1974—6
Year . . . 1974 1975 1976
N given (kg/ha) . . . 50 100 150 50 100 150 50 100 150
Yields of wheat grain (t/ha at 85% dry matter)
Cappelle-Desprez sown in rows 20 cm opart by Smythe drill
Without seed-bed N
With seed-bed N
S.E. of a difference
3-56
4-47
Cappelle-Desprez
Without CCC
Single N
Divided N
With CCC
Single N
Divided N
4-83
5 1 3
5-48
5-35
4-81
5-55
±0-549
sown in rows
6 0 6
6-45
6-28
6-83
Maris Huntsman sown in rows
Without CCC
Single N
Divided N
With CCC
Single N
Divided N
5-69
5-55
5-76
5-30
716
700
6-65
6-56
5-49
602
12-5 cm
6-48
6-29
6-18
6-80
12-5 cm
7-00
6-37
7-59
7-27
2-80
—
apart by
2-66
2-81
2-74
3 0 4
3-62
—
±0-692
close-row
3-70
4-06
4-15
4 0 9
apart by close-row
2-38
3-20
2-93
3-18
3-55
4-39
3-65
4-45
4-62
i
drill (with
5-18
4-90
5-23
5 1 7
drill (with
4-22
5-18
4-87
5-49
2-93
3-56
3-52
4-32
±0-353
seed-bed N)
3-72
3-75
4-29
4-05
4-29
4-42
4-48
4-89
seed-bed N)
3-80
3-93
4 1 2
4 1 0
4-78
4-59
5 0 6
4-84
4 0 4
4-82
5-12
512
5-11
5-40
5-54
5-37
5-79
5-25
S.E. of a difference ±0-328 ±0-413 ±0-371
Yields of wheat straw (t/ha at 85% dry matter)
Cappelle-Desprez sown by Smythe drill
Without seed-bed N 2-71 313 3-65 3-26 4-18 4-55 218 2-59 3-20
With seed-bed N 3-00 3-89 3-91 — — — 303 3-68 4-32
S.E. of a dfference +0-486 +0-350 +0-238
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